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a b s t r a c t
This report describes a case of paradoxical atrial undersensing by a dual-chamber pacemaker during
paroxysmal atrial ﬁbrillation. Undersensing of 5.6 mV atrial signals at a programmed sensitivity of 0.5 mV
returned to normal sensing by decreasing atrial sensitivity to 1.0 mV. This uncommon phenomenon can be
explained by a repeated activation of the quiet timer blanking interval. Knowledge of this phenomenon is
important in the current pacemaker management to improve the accuracy of the diagnostic feature for atrial
tachyarrhythmia burden and to avoid unnecessary lead revisions.
& 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
Diagnostic features implemented in implantable pacemakers have
proven useful for clinical decision making. Speciﬁcally, monitoring of
the atrial tachyarrhythmia (AT) burden by pacemaker diagnostics, for
example, has been widely recognized as an important tool for
therapy improvement. However, it may be difﬁcult to set the atrial
sensitivity for proper sensing during ATs at the time when the
patients are in sinus rhythm. A low sensitivity setting may lead to
true undersensing during ATs. Contrary, paradoxical atrial under-
sensing (PAUS), a rare phenomenon, is deﬁned as atrial undersensing
at a high programmed atrial sensitivity and with the return of normal
atrial sensing at a lower programmed sensitivity during ATs [1].
Herein, we report a case of PAUS of atrial ﬁbrillation (AF) associated
with quiet timer blanking, and review the literature.
2. Case report
The patient is a 66-year-old man who had a Kappa dual-
chamber pacemaker (Model KDR 921; Medtronic Inc., Minneapolis,
MN, USA) implanted for advanced atrioventricular block in 2006.
The atrial lead was Isoﬂex 1642T (St. Jude Medical, St. Paul, MN,
USA) and the ventricular lead was Isoﬂex 1646T (St. Jude Medical).
He had a history of myocardial infarction and paroxysmal AF. The
pacemaker was programmed to the DDD mode with a lower rate of
60 ppm, atrial sensitivity of 0.5 mV, the Sensing Assurance function
set to on, and an atrial high rate episode detection rate of 180 ppm.
More detailed programming information can be found in Table 1.
Since the implantation of the pacemaker, the patient had been
followed every 6 months. In July 2010, during a follow-up visit, AF
was conﬁrmed by the surface ECG and an atrial intracardiac
electrogram (AEGM), as shown in Fig. 1A. Despite the detection of
AF potentials with amplitudes of 5.6–8.0 mV, the marker did not
indicate a sense, and atrioventricular sequential pacing continued
without mode switch operation. Since atrial sensitivity was set to
0.5 mV, true undersensing was not thought to be a cause of this
phenomenon and other causes were considered.
Because of the high amplitude of atrial signals, atrial sensitivity
was decreased from 0.5 mV to 0.7 mV to 1.0 mV. As the sensitivity
decreased, atrial sensing was restored gradually. With the sensitivity
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of 1.0 mV, normal atrial sensing with mode switching was restored
completely. The sensitivity was programmed to 1.4 mV. The resultant
surface EGM and AEGM at this setting are shown in Fig. 1B. The
Sensing Assurance function was turned off because atrial sensitivity
was limited to 0.5 mV when the feature was enabled. This repro-
gramming led to the accurate detection of AF with mode switching
to DDIR. Subsequent ambulant follow-up at 6, 12, and 24 months
demonstrated continued normal sensing during AF.
3. Discussion
The mechanism of PAUS during AF seen in this case report was
most probably caused by repetitive activation of the quiet timer
blanking period [1].
Current pacemakers are equipped with a mechanism called
“quiet timer blanking” that is intended to allow the sense
ampliﬁer circuit response, known as “ringing,” to die down before
bringing the sense ampliﬁer back online. The normal quiet timer
interval in Kappa pacemaker ranges from 50 to 100 ms (nonpro-
grammable). Thus, if large and/or wide signals and/or high levels
of postpace polarization are sensed, these quiet timer blanking
periods may cover the entire sensing window. Furthermore, with a
short sensed atrial cycle length (CL), the blanking timer may be set
repetitively, resulting in disabling of atrial sensing [1]. In the
present case, the combination of high sensitivity (0.5 mV; lower
programmed value indicates being more sensitive) and the char-
acteristics of the patient0s atrial signal (amplitude of 5.6–8.0 mV
and CL of 160–170 ms) repetitively reset the quiet timer blanking
interval. Accurate sensing and mode switching behavior were
restored when the sensitivity was decreased to 1.0 mV. The Kappa
series are also equipped with an analog noise ﬁlter (ANF) in order
to sense cardiac signals when there is low-level background noise
of continuous frequency interference, such as 50/60 Hz. The
behavior of ANF depends on the amplitude of the signal compared
with the amplitude of the background noise. Changing the
sensitivity setting does not change the behavior of ANF. Thus, it
is unlikely that ANF was involved in the atrial undersensing
observed in the present case.
PAUS was ﬁrst described using a sheep model by Willems et al. [1].
The study indicated that undersensing was present if the pacemaker
was programmed to be 4 or more times more sensitive than the
sensing threshold [1]. To date, a total of 6 cases, including the present
case, have been reported [2–5] (Table 2). The atrial rhythm was AF in
5 patients and atrial ﬂutter in 1 patient. The atrial CL was o180ms in
all patients except in patient 2, who was in atrial ﬂutter with a CL of
220 ms and relatively high sensed amplitude. In all patients, the
minimum sensed atrial amplitudewas 44mV during the tachycardia.
Normal atrial sensing was successfully restored in 5 of 6 patients by
decreasing the atrial sensitivity. The ratio of the sensed atrial ampli-
tude to the sensing threshold to avoid PAUS ranged from 4 to 13,
Table 1
Programmed parameters.
Parameter Settings
Pacing mode DDD
Mode switch ON
Lower rate 60 ppm
Upper tracking rate 120 ppm
Upper sensing rate 120 ppm
PVARP Auto
PVAB 180 ms
Ventricular refractory 230 ms
Ventricular blanking (after atrial pacing) 28 ms
Atrial lead
Sensitivity 0.5 mV
Polarity Bipolar
Ventricular lead
Sensitivity 2.8 mV
Polarity Bipolar
Sensing Assurance On
Fig. 1. (A) Surface lead II, atrial intracardiac electrogram (AEGM), and annotation channel with atrial sensitivity at 0.5 mV. There is complete failure to sense atrial events, and
atrioventricular sequential pacing at the programmed lower rate is seen. (B) Surface lead II, AEGM, and annotation channel after decreasing the atrial sensitivity setting to
1.4 mV. Proper pacemaker function with atrial pacing inhibited and regular ventricular pacing at the programmed lower rate due to appropriate mode switching is seen.
AP: atrial pacing; VP: ventricular pacing; AR: atrial refractory sensing; and AS: atrial sensing.
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which roughly agrees with the results of the animal study [1].
In addition, it should be noted that PAUS was not completely avoided
even at 2 mV sensitivity in a patient who had the highest sensed
atrial amplitude of 10 mV during atrial ﬁbrillation with a short CL of
160 ms [4].
All 6 patients with PAUS had Medtronic pacemakers (Table 2).
The sensitivity setting of the pacemaker is implemented by
2 means: variable-gain ampliﬁers or adjustable-threshold voltage
comparators [6]. The variable gain ampliﬁer is the ﬁrst stage of the
sensing circuitry, and it will change the gain of the sense ampliﬁer
according to the set sensitivity. The design of Medtronic pace-
makers may differ from that of pacemakers from other manufac-
turers. However, discussing the technical aspect of the sensing
circuitry is not the purpose of this paper. In 1 study, patients with
a dual-chamber pacemaker and AF were investigated for the
incidence of PAUS by increasing the atrial sensitivity in a stepwise
fashion [7]. PAUS was seen in 9 of 71 (13%) patients with 6 different
pacemakers from 5 different manufacturers. The study indicated
that, technically, PAUS may universally occur; however, further
accumulation of data is needed to clarify if the Medtronic pace-
makers have a propensity for the behavior in real-world clinical
practice.
4. Conclusion
Quiet timer blanking behavior can result in PAUS during ATs.
Knowledge of this phenomenon is a key to improving the accuracy
of the AT burden diagnostic feature and to avoiding unnecessary
lead revisions. Decreasing the sensitivity to the optimal value
while conﬁrming there is no atrial undersensing during sinus
rhythm could be a solution to the problem in most cases.
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Table 2
Cases of paradoxical atrial undersensing reported.
Patient Model Rhythm Atrial CL (ms) Sensed atrial amplitude (mV) Sensitivity to avoid PAUS (mV) Ratio References
1 Kappa 703DR (MDT) AF 150–180 4.0–5.6 1.0 4.0–5.6 Beeman et al. 2004 [2]
2 Enpulse E1DR01 (MDT) AFL 220 5.6–8.0 1.0 5.6–8.0 Kalahasty et al. 2006 [3]
3 Kappa 701DR (MDT) AF 160 4.5–6.5 0.5 9.0–13 Van Gelder et al. 2006 [4]
4 Enpulse E2DR01 (MDT) AF 160 4.0–10 Failure to avoid with 2 mV – Van Gelder et al. 2006 [4]
5 Adapta ADDR01 (MDT) AF o120 4.0–5.0 1.0 4.0–5.0 Barold et al. 2012 [5]
6 Kappa 921 (MDT) AF 160–180 5.6–8.0 1.0 5.6–8.0 Present case
Ratio: sensed atrial amplitude/sensing threshold to avoid PAUS; AF: atrial ﬁbrillation; AFL atrial ﬂutter; CL: cycle length; MDT: Medtronic; and PAUS: paradoxical atrial
undersensing.
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